Program) in FY-80 has five principal objectives. The first is to perform migration rate studies using three different types of columns: 1) crushed rock, 2) whole cores, and 3) cores containing natural fractures. Second, the LASL 1-3 batch sorption methodology will be used to obtain data on several additional variables that influence sorption-desorption behavior and to perform studies on several new radionuclide-geomedia systems. Third, the microautoradiographic technique 4 currently utilized at LASL will be used for further studies of the sorption of radionuclides on polished or ground surfaces of mineral grains and for identification of the specific sorbing surfaces in natural (nonpulverized) systems. Finally, initial studies of the chemistry of several radionuclides in the pH ~ 8 solutions that frequently occur in natural environments will be performed.
Most of the sorption studies will be limited to three geologic typesgranite, argillite, and tuff -usually from, but not limited to, the Nevada Test Site (NTS). Natural groundwaters or waters having a chemical composition related to the phreatic water will be used for all studies. Detailed analytical and mineralogical analyses of all materials will be made.
III. PROGRESS REPORTED PREVIOUSLY
The results obtained by the LASL program since its beginning in September, 1-8 1977, have been summarized in several reports.
Proper methods for performing batch sorption measurements were developed. These methods were applied to studies of the sorption behavior of various radionuclides on alluvium, granite, argillite, and tuff. The effects of particle size, surface area, contact time, temperature, water composition, and sampling location were investigated for strontium, technetium(VII), cesium, barium, cerium(III), europium(III), uranium(VI), plutonium, and americium. Studies of the sorption of strontium, cesium, barium, cerium, europium, and uranium(VI) on granite and argillite were made under controlled-atmosphere (<0.2 ppm oxygen, <20 ppm carbon dioxide)
conditions (nitrogen) and the results were compared to earlier measurements made under atmospheric conditions.
Extensive studies of the behavior of plutonium and americium in pH ~ 8 groundwaters were made, particularly with respect to container sorption, filtering, and centrifugation. Significant improvements in the method used for measuring sorption ratios for these elements were developed, and their sorptiondesorption ratios on argillite and tuff were measured.
Measurements of migration rates in crushed granite, argillite, and tuff were made and compared with batch results. Infiltration experiments involving the forced injection of activity into intact and fractured cores were also performed.
A microautoradiographic technique was used to identify the specific sorption sites for actinides on ground and polished surfaces of petrographic thinsections. A modification of this technique was used to assess the amount of "aggregation" of actinides that occurred in some of the sorption studies.
Additional physical and chemical characterizations of the materials used in these studies were made, and new analytical techniques were developed.
IV. GEOLOGIC MEDIA -NUCLIDE INTERACTION STUDIES IN THE REPORTING PERIOD
Much of the activity during the first quarter of FY-80 involved those batch sorption studies needed to extend the current data base for tuff, to continue studies of the effect of controlled atmosphere conditions, to study iodine sorption on argillite, and to begin to measure the isotherms for some elements. Measurements of migration rates in crushed and fractured materials were continued, as were studies using the microautoradiographic technique. The sorption of strontium, cesium, barium, cerium, and europium on argillite and granite under "anoxic" conditions was studied. The term "anoxic" means that the operations were performed in the controlled-atmosphere boxes which contain nitrogen having <0.2 ppm oxygen and <20 ppm carbon dioxide.
This was done to see if there was any effect oi reduced oxygen concentration on of these materials were ground under "anoxic" conditions in a non-iron system using an agate mortar with a 50-or 70-mm agate ball (Tekmar Co., Pulverisette).
Each material was graded by use of Tyler sieves (ASTM E-ll specfication) into two size fractions, <75 )Jm and 75-500 )Jm. The entire sample was ground until it passed into one of these fractions.
t th e same groun wa ers as prev1ous y escr1 e were use o prepare e rock-treated waters. These waters were prepared by contacting batches of the groundwater, which had been sparged with high purity nitrogen for at least 1 h, with pulverized material (20 to 40 g) that had not been sieved. The contact time was at least two weeks at ambient temperature with a solution volume to solid ratio of SO mfl/g. The phases were separated by centrifugation at 7 000 rpm (21 000 g's) for 1 h followed by filtration through a 0.4-)Jm Nuclepore filter membrane. All operations were performed in the controlled atmosphere boxes. 8 aSorption ratios are given for the "pH adjusted" method of preparing the traced feed solutions. They are averaged over 1-, 2-, 4-, 8-, and 27-week contact times and 106-150 and 355-500 ~m particle sizes. Values in parentheses are the standard deviations of the means (absolute values).
The solid samples were also pretreated with the appropriate oxygen-free groundwater by shaking weighed 1-g quantities of the crushed rock with 20 mQ of the water for a period of two weeks at ambient temperature under anoxic conditions. The samples were contained in 40-mQ polypropylene (Oak Ridge) screw-cap centrifuge tubes. All tubes were washed with deionized water prior to use. The phases were separated by centrifuging at 12 000 rpm (28 OOOg) for 1 h. The weight of the wash solution remaining with the solid phase was obtained by weighing the tube and solid before and after the pretreatment.
2.
Preparation of Tagged 3. Measurement Techniques. Batch sorption measurements were performed using the techniques described earlier 1 -3 at ambient (32°C) temperature. The contact times were 3, 6, and 12 weeks. At the end of the shaking period the samples were centrifuged for 1 hat 12 000 rpm (28 000 g's). The solid phases were separated by transferring the liquid into a clean tube with a plastic pipet.
After centrifuging for another hour at 12 000 rpm, the solutions were again transferred into a clean tube by pipet and centrifuged for 2 h. An aliquot was then taken for assay of radioactivity. The pH measurements were made on the remainder of the solution. A small amount of the solid was transferred to a counting vial for activity assay. All handling of the solid or solution samples was made inside the controlled atmosphere boxes. The assay and calculational methods described in Refs. 1 and 2 were used.
4.
Results and Conclusions. The results of the measurements are given in Tables VII-XI. Tables XII and XIII gives bThe values in parentheses are the standard deviations for a single measurement of the Rd values expressed in percent; these were obtained from the errors associated with the activity measurements and estimated uncertainties for the various parameters entering into the calculation; these estimated uncertainties were propagated using the rule for change of variables in a moment matrix assuming independence of the variables.
._. bThe values in parentheses are the standard deviations for a single measurement of the Rd values expressed in percent; these were obtained from the errors associated with the activity measurements and estimated uncertainties for the various parameters entering into the calculation; these estimated uncertainties were propagated using the rule for change of variables in a moment matrix assuming independence of the variables. tainties for the various parameters entering into the calculation; these estimated uncertainties were propagated using the rule for change of variables in a moment matrix assuming independence of the variables. bThe values in parentheses are the standard deviations for a single measurement of the Rd values expressed in pP.rcent; these were obtained from the errors associated with the activity measurements and estimated uncertainties for the various parameters entering into the calculation; these estimated uncertainties were propagated using the rule for change of variables in a moment matrix assuming independence of the variables. bThe values in parentheses are the standard deviations for a single measurement of the Rd values expressed in percent; these were obtained from the errors associated with the activity measurements and estimated uncertainties for the various parameters entering into the calculation; these estimated uncertainties were propagated using the rule for change of variables in a moment matrix assuming independence of the variables . The sorption ratios tended to increase significantly with time. This may indicate that the rate at which Tc(VII) is reduced to Tc(IV) is slow or that the rate at which the reducing agent itself is released is also slow.
Th 95 mT · · h" h ·11· l e c sorpt1on rat1os were 1g est on arg1 1te; average va ues were 440 mi/g (<75 ~m) and 240 mi/g (75-500 ~m) for sorption and 760 mi/g (<75 ~m)
and 800 mi/g (75-500 ~m) for desorption. A much larger difference in average sorption ratios between the two fraction sizes of granite was observed: ~so mi/g (<75 ~m) vs. 8 mi/g (75-500 ~m) for sorption, and 160 mi/g (<75 ~m)
vs. 20 mi/g (75-500 ~m) for desorption. In general, the Rd values obtained on tuffs on sorption were considerably lower (0.7 to 16 mi/g for both fraction sizes). However, a large difference between sorption and desorption ratios was found: desorption ratios were approximately 10 times larger (9 to 120 mQ/g). For all rock types, the sorption ratios tended to increase significantly with time. At the present time sorption ratios for the same rock types under atmospheric conditions are not yet available for-comparison; however, the observed 8 Rd values reported here appear to be comparable to those observed for Jackass Flats tuffs under atmospheric conditions. In each case the altered tuff was found to have the highest Rd value. The data show a slight increase in sorption ratio with contact time, the 3-week values being the lowest in each set. Little particle size effect was observed. The desorption data suffer from the extremely low counting rates resulting from the 237 Pu decay during the 15-week period for sorption followed by desorption, especially for YM-38, which has the highest Rd values. As before, for "dried" feed preparations the desorption 
18

20
2.
Results and Conclusions. The experimental results for iodine show (Table XVIII) Values for desorption are significantly higher, as they were for alluvium. 10 25 (7) 3.0 (26) 4.8 (8) 46.
(28) 5.8 (8) 24.
(39) 4.1 (13) Rd (m.£/g) a
As
Mo 46 (30) 4 (48) 48 (21) 44 (21) 3 (70) 62 (22) Ru u 12 (60) 16 (25) 14 (38) 13 (42) 7 (45) 14 (38) aThe values in parentheses are the standard deviations for a single measurement of the Rrl values expressed in percent; these were obtained from the errors associated with the activity measurements and estimated uncertainties for the various parameters entering into the calculation; these estimated uncertainties were propagated using the rule for change of variables in a moment matrix assuming independence of the variables.
bThe measurements were made using the supernatant solution from the 13.0 d contact time experiment for the same fraction.
The experiments with the supernates from previous sorption gave approximately the same values. There does not seem to be favored sorption of a single species which does not reform rapidly.
Sorption ratios for molybdenum, ruthenium, and uranium are also low and arsenic values are somewhat higher. There was not enough activity present to allow desorption determinations to be performed.
Only the activity of the liquids was measured since container effects have not been observed for iodine, molybdenum, ruthenium, and uranium. Groundwaters were the same synthetic granite 1 and synthetic argillite 2 waters utilized in previous experiments.
Each solid sample was equilibrated with the synthetic groundwater for at least 3 weeks before adding the tagged waters. The waters used to.prepare the tracer solutions were rock-pretreated for at least 3 weeks prior to use. 
Preparation of Tagged
27
Five solutions of different Sr 2 + concentrations were prepared for the granite and argillite samples by dilution and/or mixing of the two stock solutions already discribed for each set of solid samples. These are summarized in Table XIX . After the traced solutions were prepared, an aliquot was taken for assay of radioactivity.
3.
Measurements. Pretreated granite and argillite samples are currently being shaken with the five solutions described above. Our standard batch measurement technique 1 ' 2 is being used for contact times of 3 weeks. ac .
oncentrat1on of added tracer and salt; the natural concentration in the ground water is not included. 
2.
Uranium. Since the distribution coefficients measured for uranium(VI) have always been small, the retardation factor is expected to be small. With the use of the columns now used in this laboratory, the volume of eluate of interest will be small enough to require drop collection. A method to perform this has been devised using a syringe pump (Sage model 352) and a fraction collector (ISCO model 1200) used in the drop mode. Aluminum planchets have been made to fit the collection holders. The equipment is contained in a highhumidity enclosure to minimize evaporation of the drops as they form.
The columns are to be loaded with 131 I and 237 u simultaneously. This will eleminate any uncertainties caused by different conditions during determination of free column volume and radioisotope collection.
The 131 I and 237 u actvities on each planchet (1 drop) will be determined using a Ge(Li) detector in conjunction with an automatic sample changer. The 208-keV gamma-ray from 237 u and the 364-keV gamma-ray from 131 I are readily analyzed. Some difficulty has been encountered due to the tendency of iodide to be lost when dried in carrier free form. Experiments are in progress putting various "fixers" (Na 2 so 3 plus AgN0 3 , and iodide salts) on the planchets before collection of the eluate.
I.
Infiltration of Rock Cores (W. R. Daniels and S. Maestas)
The equipment and general technique used to force solutions of radionuclides into or through solid rock cores and the microautoradiogra phic technique subsequently used to examine those cores were described in Ref. Since the intent of this experiment was to elute the strontium, it will be continued. Essentially no 241 Am has been eluted. Water will be passed through the rock for several weeks, and then it will be sectioned for examination by microautoradiographic (MAR) and counting techniques in order to study the sorptive behavior. Flow will be continued for several weeks, and then the core will be sectioned to examine the sorption behavior using MAR and counting techniques.
J.
Microautoradiography (E. N. Vine) A microautoradiographic technique used to look at americium retained on filter membranes was described previously. 8 Studies of the "sorption" membranes had shown that not only was americium uniformly sorbed on the filter but also that americium species in a large range of particle sizes were retained. Most "desorption" membranes, however, showed only single alpha tracks, suggesting that large particulates were not removed from the solids (assuming they had been sorbed) nor were they formed in the aqueous phase during contact. Since it was not known if any of the complex species or polymers which were found to be present in the sorption solutions had been sorbed and were thus "available"
to the desorption solutions, the microautoradiographic technique was used to look at the crushed rock itself, after completion of the desorption experiments.
In five rock samples examined, all had "clusters" present indicating that large species were indeed sorbed. However, only in one case did the corresponding desorption solution indicate the (minor) presence of clusters. on the assumption that the amorphous oxides can be oxidized or reduced depending on the Eh, but that conversion to the crystalline form is a much slower process.
The data indicate that the hydroxides of U(III), Np(III), Pu(III), U(V), and Pu(V) are not stable in the Eh-pH range investigated.
I I
The calculations are compilicated enough so that it was worthwhile to write a program so that they could be done by computer. The method of calculation is outlined in the Appendix. The availability of this program makes it a very simple matter to examine the effects of different assumed values for the approximately 25 parameters required for the calculation. For example, the solubility product for Pu0 2 (c) rather than that for Pu0 2 ·nH 2 0 could be used to illustrate the solubility behavior if equilibrium with the crystalline oxide were attained.
VI. PROBLEM AREAS
No extrinsic problems are impeding this work.
VII. ACTIVITIES PLANNED FOR NEXT QUARTER
The following is a brief outline of some of the activities planned for
Reliable values for all the thermodynamic quantities listed above are not available. However, for the purpose of illustrating the general behavior of the solubility, it is sufficient to use the set of reasonable estimates provided by Allard, et al. (Tables XXI and XXII) .
The calculations involved the following steps. First, for each pH value, the four solubility products were used to calculate the hypothetical concentra-. 3+ 4+ + 2+ tion of the four unhydrolyzed 1ons (M , M , M0 2 , and M0 2 ). In general, only one of the four solid phases is stable with respect to the others. The total solubility at each Eh and pH was then calculated from the sums for the individual oxidation states, and finally a simple linear interpolation scheme was use to find the values for Eh and pH that give solubility values that are integral powers of 10.
The calculations were run on the VAX-11/780 computer in LASL Group CNC-2.
